Abstract: Food manufacturing supply chain is usually characterised by various sustainability issues along with product quality and safety as serious concerns. In the current literature, the identification of drivers that would promote sustainable supply chain management becomes a popular theme and draws significant attention from domain scholars. Despite its popularity both in theory and practice, current works fail to ground these drivers on target sustainability practices which would have provided direct vertical links. Thus, this study attempts to identify sustainability drivers for food manufacturing supply chain management with the goal of making the target sustainable practices as grounds for the identification process. The fuzzy set theory is used to handle the vagueness associated with the elicitation of the degree of impact relations of drivers and practices by expert decision-makers and decision-making trial and evaluation laboratory approach is used to identify significant causal relations of drivers to practices. Findings suggest that the: 1) accessibility to products, services, and employment; 2) objective fulfilment, accurate supplier negotiation, accessibility of information; 3) socially responsible business practices are the significant drivers that promote most sustainable practices.
Introduction
The supply chain is a "complex network of business entities involved in the upstream and downstream flows of products and/or services, along with the related finances and information (Mentzer et al., 2001 )." As a direct consequence, supply chain management (SCM) "involves the systemic and strategic coordination of the upstream and downstream flows within and across companies in the supply chain with the aim of minimising costs, improving customer satisfaction and gaining competitive advantage for both independent companies and the supply chain as a whole (Mentzer et al., 2001 )." Lambert et al. (1998) pointed out that the success of a single firm depends largely on the successful integration and management of key business processes of supply chain members. It usually involves three inter-related elements: 1 the supply chain network structure 2 the supply chain business processes 3 the management components.
An important supply chain crucial in today's technological advances is the manufacturing supply chain which is characterised by product flows of relatively high volume. Although its role is undeniably significant in global economic development, its adverse impacts to the environment have been part of the central topics in development discussions. Most, if not all, manufacturing firms along the supply chain generate wastes and consume a significant amount of resources and energy, making all life forms on earth threatened. According to the report of the Intergovernmental Panel on Climate Change (IPCC) in 2014, 30% of the total global greenhouse gas emissions came from the manufacturing industry. This issue has become aggravated brought about by the manufacturing processes which use natural resources as raw materials for the production of final products. These challenges drive manufacturing firms along supply chains to focus on environmental impacts of their operations and compel firms to minimise the environmental footprint of their supply chain. As a response, manufacturing firms are starting to realise and take actions in improving the social and environmental impacts of their manufactured products and manufacturing processes. One approach of 'greening' the supply chain is for the focal firm to consider 'green' suppliers and all upstream and downstream members must replicate such approach (Vachon and Klassen, 2006; Zailani et al., 2012) . Embracing in social and environmental initiatives allows supply chain members to maintain sustainability with enhanced competitiveness, in the way that they satisfy holistic customer needs.
As global population increases and resource availability gradually plunges at an unprecedented rate, firms are starting to realise that supply chains must be re-designed (Carter and Jennings, 2002) in a way that it conforms to sustainability requirements. The call to make supply chains sustainable brings sustainable supply chain management (SSCM) at the forefront of global attention as it promotes the 'management of material, information, and capital flows as well as cooperation among companies along the supply chain while taking goals of all three dimensions of sustainable development, i.e., economic, environmental and social, into account which are derived from customer and stakeholder requirements" (Seuring and Müller, 2008a) . Seuring and Müller (2008b) provided a conceptual framework of SSCM by performing an excellent literature review on the topic. Stakeholder requirements can be classified as internal or external. The former refers to the requirements of individuals who are part of or employed in the focal firm and are directly influenced by the success or failure of the firm. They are highly affected by the decisions, performance, profitability and other activities of the focal firm. The latter are the requirements of stakeholders who do not directly engage in the focal firm's transactions but have an interest in the firm. Seuring et al. (2008) argued that stakeholders' decisions and priorities serve as 'drivers' in the sustainability of the supply chains and these can be either internal or external challenges to the organisation (Hervani et al., 2005; Walker et al., 2008) . These drivers are then considered as metrics by which stakeholders evaluate the focal firm. Thus, the identification and prioritisation of drivers become the trend of current literature in SSCM.
Research on the identification of crucial drivers has been flourishing in current literature. Note that drivers are also interpreted as enablers, critical success factors (CSFs), and influential factors in a number of past studies. Majority of the previous studies suggest that crucial drivers are drawn from external stakeholders' requirements. Faisal (2010) considered consumer concern towards sustainable practices, awareness about sustainable practices in the supply chain, and regulatory framework as key enablers in integrating sustainability in a supply chain. Hassini et al. (2012) identified market forces, policy and regulations, science and technology, transport and logistics, and social issues as the most important external factors for a sustainable supply chain. In the textile industry, Diabat et al. (2014) identified five most important enablers out of 13 recommended. These include, among others, community welfare and health and safety issues as external drivers. In the context of oil and gas industries, Raut et al. (2017) found out that among 32 CSFs identified in their work, global climatic pressure and ecological scarcity of resources are the most influential drivers that may compel these industries to adopt and implement sustainable practices. Kumar and Rahman (2017) supported some previous findings by suggesting that awareness about sustainability incentives, pressure from stakeholders, support from supply chain partners and customer demand for sustainable products were found to be very important enablers for developing a sustainable supply chain. Shibin et al. (2017) also strongly identified coercive pressure, mimetic pressure, and normative pressure with high driving power for the sustainability of the supply chain. In the case study of Indian industries, the findings of Kausar et al. (2017) also suggested that government policies and support systems are key enablers for the implementation of SSCM. Finally, in the coal industry in Indonesia, operational, economic, environmental, and social factors, as well as ISO 14001 certification, were found to be top five key factors in SSCM (Wu et al., 2017) .
On the other hand, only a handful of studies suggest that internal stakeholders have a significant drive in making supply chains sustainable. Hassini et al. (2012) claimed that product development, process capability, sourcing and operations, and marketing and public relations are the key internal factors in the sustainable supply chain. Grzybowska (2012) identified commitment from top management, eco-literacy amongst supply chain partner, corporate social responsibility, waste management, logistics organisation ensuring goods safety and consumer health require a significant amount of attention in the sustainability of the supply chains. For the Indian automobile industry, the work of Luthra et al. (2015a) suggested that competitiveness is considered as the most important CSF for in order to achieve sustainability. In the case of a textile industry in India, Diabat et al. (2014) identified internal enablers such as adoption of safety standards, adoption of green practices, and employment stability as among the top five enablers for SSCM. Represented it as a barrier, Al Zaabi et al. (2013) point out the importance of management commitment in the successful implementation of the SSCM. Based on this trend in current literature, it is sufficient to claim that external drivers dominate the role of establishing sustainable supply chains as they are regulatory and normative in nature (in the case of government regulations and standards) and they also identify the need for the existence of the firm and of the supply chain (in the case of market forces and social issues).
Nevertheless, to a certain degree, these drivers (both external and internal) compel firms to adopt sustainable practices in the supply chain. The adoption of sustainable practices across the supply chain has become a growing concern in the industry (Kumar and Kahman, 2015) . These practices are strategies for firms to heed the call for a more sustainable supply chain and these are highly motivated by the external and internal stakeholders' requirements. In effect, the development of sustainable practices across the supply chain takes into careful consideration the kind of drivers that these practices attempt to address. The most effective sustainable practice answers a variety of drivers which are of higher priority. When sustainable practices are developed, they meet and improve target performance of the focal firm and the supply chain (Chardine-Baumann and Botta-Genoulaz, 2014). Golicic and Smith (2013) performed a meta-analysis that maps different operationalisation directions of supply chain practices -upstream, design, production and downstream -and found out that environmental supply chain practices increases market-based, operational-based and accounting-based forms of firm performance. Golicic and Smith (2013) claimed that these findings supported the business case agenda that SSCM results in increased firm performance.
The methodological approach of identifying significant drivers of SSCM is centred on the use of multi-criteria decision-making due to the complexity of the process. In fact, an awarded work of Brandenburg et al. (2014) which reviewed quantitative models of SSCM found out that the majority of published papers in this domain is concentrated in six scientific journals and most were analytically based with a focus on multi-criteria decision-making such as the analytic hierarchy process (AHP) or its close relative, the analytical network process (ANP), as well as life cycle analysis (LCA). Majority of the previous works adopted interpretative structural modelling (ISM) and MICMAC analysis in identifying significant drivers (or barriers) in SSCM (Faisal, 2010; Grzybowska, 2012; Al Zaabi et al., 2013; Diabat et al., 2014; Raut et al., 2017; Kumar and Rahman, 2017; Shibin et al., 2017) and GSCM (Mudgal et al., 2009 (Mudgal et al., , 2010 Luthra et al., 2011; Diabat and Govindan, 2011; Govindan et al., 2013; Mathiyazhagan et al., 2013; Jayant and Azhar, 2014; Mangla et al., 2014; Luthra et al., 2014 Luthra et al., , 2015b Gandhi et al., 2015; Dubey et al., 2015; Mani et al., 2015; Shibin et al., 2017; Agi and Nishant, 2017) . ISM is a graph theory approach which models complex relationships of elements (e.g., drivers or barriers) and then generates a well-defined hierarchical model of them (Harary et al., 1965; Warfield, 1973 Warfield, , 1974 . The MICMAC analysis provides a map of the driving and dependence power of these elements and then classifies them into four categories: autonomous, dependent, linkage and independent elements. In all of the previous works of using ISM and MICMAC in the context of the SSCM, the independent elements of the MICMAC were identified as significant drivers of SSCM as they have strong driving power and weak dependence power. Aside from ISM and MICMAC, other lesser known approaches include decision-making trial and evaluation laboratory (DEMATEL) (Dou et al., 2017) and DEMATEL-based analytic network process (DANP) (Wu et al., 2017) where DEMATEL is used to model the complex casual relationships of enablers and classify them as either a net cause or a net effect.
While the ISM and MICMAC approach adopted in current literature capture the complexity of the interrelationships of SSCM drivers, the main drawback is the difficulty of the findings to be operationalised in an actual manufacturing setting. The resultant set of important drivers is highly vague such that the development of a collective strategy to address these drivers becomes a challenging task. With raw SSCM drivers only available to the focal firms, it is highly difficult to map concrete and quantifiable action plans in a coordinated fashion across different functional areas. In practice, manufacturing firms tend to adopt practices with reported quantifiable results and benefits. This would enable firms to implement established guidelines of these practices for their operations. Mangla et al. (2014) support this claim by pointing out that SSCM is operationalised by the implementation of sustainable practices. This implies that the most appropriate and useful approach in making manufacturing supply chains more sustainable is to understand the SSCM drivers that would compel firms to adopt such practice. In another perspective, understanding the relationships between SSCM drivers and sustainable practices would allow focal firms to determine the stakeholder requirements that they can address should they choose to adopt a particular practice. Such approach increases the efficacy of SSCM drivers as it would enable them to become more operational.
Thus, this paper attempts to advance the domain literature by advocating the identification of SSCM drivers for sustainable practices. This is carried out through the use of a modified fuzzy DEMATEL approach where each driver is mapped to a sustainable practice. Due to the complex causal relationships of SSCM drivers and sustainable practices, the mapping must take them into account; thus the DEMATEL is used. This paper fixes the SSCM drivers as the causal group and the sustainable practices as the effect group due to the theoretical background of these concepts (i.e., SSCM drivers cause sustainable practices). The uncertainty inherent in the decision-making process of the DEMATEL is handled by the fuzzy set theory (FST). FST is a mathematical framework that captures imprecision due to some degree of inaccurate and unquantifiable information (Zadeh, 1965) . The use of fuzzy DEMATEL has been evident in various domain applications in the green and sustainable supply chain (Lin, 2013; Govindan et al., 2015; Lin et al., 2018) . A case study in the food manufacturing supply chain is carried out to elucidate the proposed approach. The contributions of this study are the following: 1 identify a significant relationship between sustainability drivers and practices 2 identify which drivers influence practice; and which causal effect relationship is significant 3 a proposed application of fuzzy DEMATEL given that cause and effect elements are already identified.
This paper is structured as follows: Section 2 presents the mathematical formulations of FST and DEMATEL along with the proposed modified fuzzy DEMATEL adopted in this works. Section 3 shows the results of adopting fuzzy DEMATEL in identifying causal relationships of drivers to sustainable practices. Section 4 highlights the discussion of results and managerial insights. Finally, Section 5 ends with a conclusion and identification of future works.
Drivers and practices of SSCM

Drivers/enablers of SSCM
SSCM adopts various theories in operations management, industrial engineering, and traditional supply chain with a close association on the environmental or green supply chain, where manufacturing firms consider in order to minimise the undesirable environmental impacts in their supply chains. Current literature agrees that the adoption of SSCM in the supply chain is highly motivated by drivers such as stakeholders' pressures, customer requirements, and environmental regulations (Tay et al., 2015) . It is also widely accepted that the adoption of sustainability requires taking into consideration the interests of various stakeholders which are classified as primary and secondary stakeholders. Primary stakeholders or the internal stakeholders are those who are needed to support the organisation to survive (e.g., customers, suppliers and regulators). Secondary stakeholders or the external stakeholders are those who are not needed for its survival and do not engaged in transactions but have an interest in the organisation (e.g., the media, non-governmental organisations) (Mu and Jia, 2013) . Table 1 List of internal stakeholders and drivers
Stakeholders Drivers/interests/needs/enablers
Directors/managers • Fulfilment of objective and projects for which they are responsible.
• The organisation's profitability, survival, and growth.
Staff/team members
• The organisation's profitability, survival for continued employment.
• Support, information, and inputs to fulfil task goals.
• Healthy and safe working environment.
• Fair and ethical treatment.
Technical/design function
• Connection to suppliers who might contribute innovation and expertise.
• Accurate fulfilment of specifications.
• Timely, relevant, expert advice on price and availability issues.
Manufacturers/production/ operation function
• Sourcing and procurement service (e.g., for capital equipment) or consultancy.
• Supplier management and SCM to support flexibility, JIT supply, innovation.
• Right inputs at right price and right quality, delivered to right place at right time.
Sales and marketing function
• Sourcing and procurement services (e.g., printing service, office supplies) or consultancy.
• Information on products and delivery schedules for promotions
• Quality, customisation and delivery levels that will satisfy customers.
Finance/admin function • Sourcing and procurement services (e.g., for IT systems and stationery) or consultancy.
• Support for cost control and/or reduction.
• Notification of terms negotiated with suppliers (e.g., discounts, payment terms).
• Adherence to financial procedures (e.g., budgetary control, invoicing arrangements).
Storage and distribution
• Sourcing and procurement services (e.g., for equipment) or consultancy.
• Policies for 'green' transport planning, sales goods handling.
Source: Tay et al. (2015) These pressures constitute the drivers of firms to adopt SSCM. The adoption is operationalised through the implementation of sustainable practices. These SSCM drivers are then the metrics by which stakeholders evaluate the focal firms and their practices. The internal SSCM drivers are generated from internal stakeholders who are part of or employed and directly influenced by the success or failure of the organisation. They include the manager and employees and/or volunteer workers or other types of members who know all the internal matters of the firm. They are highly affected by the decisions, performance, profitability and other activities of the firm. Tay et al. (2015) provided a comprehensive list of these internal drivers as shown in Table 1 .
Shown in Table 1 are the internal stakeholders and drivers. The internal drivers include the cooperation of suppliers, cost, and equipment in order to find environmentally friendly material, reducing cost in order and reduce the ecological exposures, incorporating sustainability into the supply chain to shrink the budgets, managing risk that have value aspects with customers and firms that obtain their significance from reputation expectation and brand appreciation (Alzawawi, 2014) .
The external SSCM drivers are generated by secondary stakeholders or the external stakeholders are who not part of the firm but have some form or degree of interest to the firm. They do not participate in every activity of the firm but they externally deal with the organisation and the user of financial information in order to have known its profitability, liquidity, and performance. The following are the list of external stakeholder pressures as enumerated by Govindan et al. (2015) : A comprehensive list of external drivers was outlined by Tay et al. (2015) as shown in Table 2 .
'Objective fulfilment', 'accurate supplier negotiation', 'accessibility of information', and 'socially responsible business practices'. 
Practices of SSCM
The adoption of sustainability practices across supply chain has become a growing concern in the industry and with the influenced of media and other non-governmental organisations (NGOs) (Kumar and Kahman, 2015) . These practices tend to operationalise the sustainability agenda in the supply chain. Adopting sustainability practices requires collaborative approaches which may result in holistic gains (Li et al., 2014) . Generally, there are two motivating factors in the adoption of sustainability practices in an industrial setting. First, firms engage in the adoption of sustainability practices due to external pressures brought about by NGOs, government, customers, and other stakeholders. Second, companies want to increase employee retention, improve reputation and achieve market competitiveness from the opportunities brought by the adoption of sustainability practices (Kumar and Kahman, 2015) . Beske et al. (2014) listed a comprehensive number of practices that are commonly adopted in SSCM as shown in Table 3 .
The general SSCM practices are outlined in the following discussion as presented by Beske et al. (2014) . The first general practice is strategic orientation. This is the first category, which includes strategic orientation of the company, addresses the company's strategic values. Usually, companies that follow sustainability strategy are guided by the triple-bottom-line approach (TBL) that is placing equal importance on the three dimensions of sustainability (i.e., environmental stewardship, economic growth, and social well-being). The second general practice is continuity. Continuity is focused on supply network structure. This is concerned with the interaction of supply chain partners on a permanent level. The third general practice is a partnership and this category links structural aspects to business processes. Structural decisions regarding the process of how to technically and logistically integrate the partners in the supply chain and the quality of shared information are made. The fourth practice is risk management which is the adoption of various practices related to risk management which mitigates the risks due to the high pressure of group demands or a relatively small supplier base. Finally, the last practice is pro-activity (for sustainability). Found in this category is a wider set of stakeholders of SSCM. Manufacturing firms can benefit knowledge and counter further pressure by actively engaging with stakeholders such as the consumers. Joint development Involves independent business entities getting together for a common commercial purpose of defined scope and duration.
JOD Technical integration
Involves technical guidance to suppliers to maintain a deep knowledge of the aspects and complexities involved in the supply chain operations.
TEI Logistical integration
Involves utilising the supply network to fulfil customer requests in a timely way.
LOI Enhanced communication
An important aspect to understand customer needs and create transparency and trust among supply chain partners.
ENC Risk management
Individual monitoring A continuous and careful monitoring of compliance is required to ensure the implementation and the success of a sustainable system within the supply chain.
INM Pressure group management
Examines the nature of a pressure group whose members have common interest and knowledge about the objective of the firm.
PGM
Standards and certification
Adopts norms and standards relating to environmental, social and ethical issues in order to establish the performance of the firm on specific areas. 
SAC
INN
Life cycle assessment Analysis and application of a systematic technique which includes a set of procedures for compiling and examining the inputs and outputs of materials and energy and the associated environmental impacts directly attributable to the functioning of a product or service system throughout its life cycle.
LCA
Problem description
Food manufacturing industry is a dynamic environment where customers have high expectations for food safety with a high awareness of how food is produced and offered (Validi et al., 2014) . As a consequence of food scandals and incidents, consumers call for high-quality food with integrity, safety guarantees, and transparency. Therefore, keeping safety and quality along the food supply chain has then become a significant challenge (Aung and Chang, 2014) . Effective food supply chain helps minimise the production and distribution of unsafe or poor quality products in order to minimise the potential for bad publicity, liability and future recall (Grimm et al., 2014) . Along the food supply chain, food manufacturing plays the crucial role in maintaining food quality and safety. Members of the food manufacturing supply chain usually consider quality and safety as the key performance criteria for food SCM (Li et al., 2014) . Aside from quality and safety considerations, food manufacturing faces various sustainability challenges particularly pertaining to waste generation, high non-renewable resource consumption and energy use. Figure 1 shows the proposed framework of the study which highlights the relationships of three important elements, i.e., SSCM performance, SSCM practices, and SSCM drivers. This work focuses on identifying significant drivers for SSCM practices to achieve target performances. It is initially identified that drivers motivate food manufacturing firms to adopt sustainable practices with the goal of meeting target performance. However, this does not take into account the relationships of SSCM practices and target performance. It emphasises the relationship of bottom elements which is considered as a solid foundation for achieving SSCM. Zadeh (1965) introduced the concept of fuzzy sets. Zadeh (1965) argued that goals, constraints, and possible actions are not known accurately with definite certainty; thus, the decisions that are drawn from them will have an inherent degree of uncertainty and imprecision. Decision-making in a fuzzy environment is highly affected by subjective judgments that are usually vague. Sources of vagueness might include inaccurate and unquantifiable information gathered from the decision-makers under consideration. To handle vagueness in the decision-making process, the FST is usually introduced. In fuzzy logic, each number between 0 and 1 designates a partial certainty, while crisp sets correspond to binary logic which is 0 or 1. In classical set theory, a set is a collection of objects x ∈ X where X is the universe of discourse. For any x ∈ X and A ⊆ X, x ∈ A or x ∉ A with truth values defined as a characteristic function:
Methodology
Fuzzy set theory
where
Definition 2 (fuzzy set): let X be a universal set and A ⊆ X. The set A is a standard fuzzy Fuzzy numbers are fuzzy subsets of R. The foundations of fuzzy numbers and their arithmetic operations were first introduced by Zadeh (1965) . Commonly used in FST applications, a fuzzy number is defined as a convex normalised fuzzy set in R with membership function which is piecewise continuous. In multi-criteria decision-making applications, a left-right (L-R) fuzzy number is commonly adopted.
Definition 3: a fuzzy number A is of L-R type if ∃ membership functions for left and for right with l, r ∈ R and l, r > 0 with
where M ∈ R is the modal value of A and l, r ∈ R are the left and right spreads of A. In this work, an L-R type triangular fuzzy number is used because of its popularity and ease of implementation (Promentilla et al., 2008) .
Definition 4: a triangular fuzzy number can be defined as a triplet A = (l, m, u) and the membership function μ A (x) is as follows:
And its graphical representation is presented in Figure 2 where
and X is the universe of discourse. Definition 5: suppose two triangular fuzzy numbers A and B are defined by (l 1 , m 1 , u 1 ) and (l 2 , m 2 , u 2 ), respectively. The arithmetic operations of these two TFNs are as follows:
Decision-making trial and evaluation laboratory
DEMATEL is a comprehensive method for building and analysing a structural model involving causal relationships between complex factors. Between 1972 and 1976, the Battelle Memorial Institute of Geneva proposed the DEMATEL method to solve complex and interrelated problems in which all factors eventually fall into two categories: cause and effect. This methodology is able to map the interdependences among variables/criteria and restricts the relations that reflect characteristics within an essential systemic and developmental trend. Various works applying DEMATEL have been reported in current literature. For instance, Gandhi et al. (2015) proposed DEMATEL method to develop a structural model for evaluating factors associated with the successful implementation of GSCM and determine the relationships. Dou et al. (2017) proposed the use of the DEMATEL to evaluate inter-relationships among these enablers and improve the focal company's green multi-tier SCM practices. Wu et al. (2017) used DEMATEL-based ANP to explore key factors of SSCM of the coal industry in Indonesia.
The following describes the process of DEMATEL:
1 Generate the direct-relation matrix. A group of experts is asked to perform pairwise comparisons of influence between elements. An evaluation scale of 0, 1, 2, 3, and 4 is used for comparison, representing 'no influence', 'low influence', 'medium influence', 'high influence', and 'very high influence' respectively. The results of these evaluations form initial direct-relation matrices z k of size nxn elicited by an expert k = 1, 2, …, K where z ij denotes the degree to which the i th element affects the j th criterion. Note that z ii = 0, ∀i ∈ {1, 2, …, n}. It is represented in equation (8).
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2 Aggregate the direct-relation matrices generated from Step 1 using equation (9).
3 Normalise the aggregate direct-relation matrix. The normalised direct-relation matrix is computed using equations (10)- (12).
( )
4 Obtain the total relation matrix. Once the normalised direct-relation matrix Y has been obtained, a continuous decrease in problems' indirect effects along the powers of the matrix Y, e.g., Y + Y 2 + Y 3 + ··· guarantees convergent solutions to the matrix inversion. The total-relation matrix T can be derived by using equation (13), where I is denoted as the identity matrix. (14)- (16) (Hori and Shimizu, 1999; Wu and Lee, 2007 
6 Set a threshold value to obtain the influence-relation map. To obtain an appropriate influence-relation-map, the decision-maker must set a threshold value for the influence level. Only some elements, whose influence levels (or elements) in T are greater than the threshold value, can be chosen and converted into the influence-relation map which is a direct graph (or digraph) showing elements as vertices and the causal relationships elements as directed edges (i.e., t ij is greater than the threshold value).
Research procedure
While DEMATEL is used in the GSCM (Gandhi et al., 2015 (Gandhi et al., , 2016 and SSCM (Wu et al., 2017) domains with the goal of identifying critical factors under complex environments, decision factors are usually judged subjectively by a decision-maker's perception in which he/she could be uncertain and reluctant in giving numerical values to these factors. Thus, the integration of FST and DEMATEL referred to as fuzzy DEMATEL becomes an appropriate approach in translating the relationships of causes and effects of elements into a comprehensive structural model of the system while taking into consideration the uncertainty in the decision-making process (i.e.,
Step 1 of the traditional DEMATEL). For instance, Lin (2013) used fuzzy DEMATEL to evaluate the green SCM practices while Govindan et al. (2015) adopted the same to develop green practices and performances in a green supply chain. The proposed methodology is applied in the food manufacturing supply chain industry in the Philippines with higher concentration in Cebu province. Nine experts composed of three industry experts (33% of the total number of experts), three from government agencies (33% of the total number of experts), two academicians (22% of the total number of experts), and one consumer expert (11% of the total number of experts) are given survey questionnaires representing the direct-relation matrices of drivers to practices. Data gathering was performed using structured interviews and personal meetings with the experts. The quality of the experts, not the number, is more relevant in decision-making (Ocampo and Promentilla, 2016) . The qualifications of these expert decision-makers are shown in Table 4 . These qualifications are designed to ensure that decision-makers have a sufficient degree of expertise in the subject domain. The steps of the fuzzy DEMATEL adopted in this work are detailed as follows:
1 Develop a direct-relation matrix between drivers and practices. The direct-relation matrix is of size 41 × 41, a square matrix. Since the SSCM drivers are fixed as 'cause' elements and sustainable practices are fixed also as 'effect' elements, the impacts of practices on drivers are all zeros. The judgments are elicited in linguistic scale with corresponding fuzzy numbers as shown in Table 1 . To illustrate the direct-relation matrix, Figure 3 is presented where the matrix is divided into four quadrants (i.e., Q1, Q2, Q3, and Q4).
The first quadrant (Q1) highlights the degree of influence of practices on practices. It is assumed that one practice has no significant relationship with another practice; therefore the values in this quadrant are all set to zero. This assumption also holds for Q4. Q2 is also considered as a zero matrix since, by definition, drivers cause practices. In this case, only Q3 contains values elicited by the expert decision-makers.
2 Decision-makers elicit judgment on each direct relation matrix element using the linguistic scale with corresponding fuzzy numbers as shown in Table 5 . Triangular fuzzy numbers are used for computational ease and they are also widely used in various applications (Tseng, 2011) .
3 The fuzzy initial direct-relation matrix ˆk Z involves fuzzy numbers represented as
which is shown in equation (17).
4 Compute for the aggregate judgments of K decision-makers. The aggregate matrix Ẑ is obtained using equation (18):
5 Obtain the fuzzy normalised direct relation matrix X using equation (19).
According to Lin and Wu (2008) , the transformation of linear scale is used as a formula for normalisation in order to transform the element scales into its corresponding scales. For instance, i a represents each triangular fuzzy number in each cell of ij z and r on the other hand, is the maximum summation of upper bound element of each TFN in each row of equation (20).
6 Define three crisp matrices and let ( , , ) .
The elements in these matrices are extracted from , X as presented in equation (21) 
7 Compute for the fuzzy total relation matrix T using equation ( 
In which
, , and , 
9 It is necessary for a decision-maker to set up a threshold value to filter out some negligible effects. This value indicates how one factor affects another factor. Those elements in T that exceed the threshold value are considered with the significant causal relationship.
10 Construct a relationship map for each driver with respect to each practice. Table 6 shows the codes of elements used in this work. A sample Q3 of the initial direct relation matrix shown in Table 7 was constructed indicating the influence relationships of drivers to practices. Decision-makers elicited judgments on the direct-relation of drivers to practices using the linguistic scales with corresponding TFNs as presented in Table 5 . The initial direct relation matrix with linguistic scales was populated with TFNs which is shown in Table 8 . The decisions of K decision-makers were aggregated as shown in equation (18) to come up with a fuzzy aggregate (average) direct-relation matrix. This is shown in Table 9 . After which, fuzzy normalised direct relation matrix shown in Table 10 was constructed using equation (19) . For brevity, all matrices in Table 7 through Table 10 represent Q3 as illustrated in Figure 3 .
Results
From the normalised matrix, a fuzzy total relation matrix of lower bound, modal, and upper bound TFNs was generated using equation (22) as shown in Table 11 . From the fuzzy total-relation matrix, a crisp total-relation matrix shown in Table 12 was obtained by applying equations (23) and (24). A threshold value was set by decision makers to know the list of drivers significant for each practice. From their judgment, the threshold value is equivalent to 0.047. Therefore, the relationship having values above or equal to the threshold value is considered to be significant. Highlighted in Table 13 are drivers with a significant relationship to practices. Note that 1 implies that t ij is greater than the threshold value; otherwise, it is rated as 0. Socially responsible business practices D22
Product safety D23
Accessibility to products, services, and employment
D24
Affordability of food products D25 D1 (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.7, 0.9, 1.0) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.7, 0.9, 1.0) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.7, 0.9, 1.0) (0.7, 0.9, 1.0) D2 (0.7, 0.9, 1.0) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.7, 0.9, 1.0) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.7, 0.9, 1.0) (0.7, 0.9, 1.0) D3 (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.7, 0.9, 1.0) (0.7, 0.9, 1.0) (0.7, 0.9, 1.0) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) D4 (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.7, 0.9, 1.0) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.7, 0.9, 1.0) (0.5, 0.7, 0.9) D5 (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.0, 0.0, 0.3) (0.5, 0.7, 0.9) (0.2, 0.3, 0.5) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.7, 0.9, 1.0) (0.7, 0.9, 1.0) (0.7, 0.9, 1.0) (0.7, 0.9, 1.0) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) D6 (0.7, 0.9, 1.0) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.7, 0.9, 1.0) (0.7, 0.9, 1.0) (0.7, 0.9, 1.0) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.7, 0.9, 1.0) (0.3, 0.5, 0.7) (0.0, 0.0, 0.3) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) D7 (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.2, 0.3, 0.5) (0.3, 0.5, 0.7) (0.2, 0.3, 0.5) (0.7, 0.9, 1.0) (0.7, 0.9, 1.0) (0.7, 0.9, 1.0) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) D8 (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.2, 0.3, 0.5) (0.7, 0.9, 1.0) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) D9 (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.7, 0.9, 1.0) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.7, 0.9, 1.0) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.7, 0.9, 1.0) (0.3, 0.5, 0.7) (0.7, 0.9, 1.0) (0.7, 0.9, 1.0) (0.5, 0.7, 0.9) D10 (0.3, 0.5, 0.7) (0.7, 0.9, 1.0) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.7, 0.9, 1.0) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.7, 0.9, 1.0) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) D11 (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.7, 0.9, 1.0) (0.3, 0.5, 0.7) D12 (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.2, 0.3, 0.5) (0.2, 0.3, 0.5) (0.2, 0.3, 0.5) (0.7, 0.9, 1.0) (0.7, 0.9, 1.0) (0.2, 0.3, 0.5) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) D13 (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.7, 0.9, 1.0) (0.7, 0.9, 1.0) (0.7, 0.9, 1.0) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.3, 0.5, 0. .5, 0.7) (0.5, 0.7, 0.9) (0.7, 0.9, 1.0) (0.5, 0.7, 0.9) D19 (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.2, 0.3, 0.5) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.3, 0.5,0.7) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.2, 0.3, 0.5) D20 (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) D21 (0.0, 0.0, 0.3) (0.2, 0.3, 0.5) (0.2, 0.3, 0.5) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) D22 (0.0, 0.0, 0.3) (0.2, 0.3, 0.5) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) D23 (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) D24 (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.7, 0.9, 1.0) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) D25 (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.2, 0.3, 0.5) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.7, 0.9, 1.0)
Table 9
Fuzzy aggregate direct-relation matrix Table 12 Crisp total-relation matrix 
Discussions
With sustainability and safety issues in food supply chains, important pivots are required particularly in food manufacturing wherein resource consumption, waste generation and energy use are the main highlights. In promoting a sustainable food manufacturing supply chain, identification of drivers is an important activity for various stakeholders at different spatial levels in order to efficiently use scarce resources in attaining sustainability. Expert decision-makers in the field of food manufacturing supply chain were asked to elicit their judgments on the causal relationships of SSCM drivers on SSCM practices. A modified fuzzy DEMATEL -a comprehensive method for building and analysing a structural model involving causal relationships between complex factors under uncertainty -was used to evaluate the significant impact relations of drivers to sustainable practices. In the proposed approach, SSCM drivers were set as the causal group while SSCM practices consists the effect group. Shown in Figure 4 is the list of drivers with respect to practices. Each driver is linked to individual practice to show significant relationships. Results show that the driver which has the most number of significant impact relations to sustainable practices is 'accessibility to products, services, and employment' which is consistent with one of the findings of Diabat et al. (2014) . This implies that the most significant stakeholder that drives SSCM is the community or society. This finding is relevant to the food manufacturing SSCM as food products are considered crucial to the society's needs. Thus, accessibility becomes an important issue. This is followed by 'objective fulfilment', 'accurate supplier negotiation', 'accessibility of information', and 'socially responsible business practices'. Objective fulfilment is analogous to top management commitment which is a prevalent driver reported in the literature (Mudgal et al., 2009; Faisal, 2010; Al Zaabi et al., 2013; Dubey et al., 2015; Agi and Nishant, 2017) . Accurate supplier negotiation, on the other hand, was reported by Diabat and Govindan (2011) as one of the important drivers of GSCM. This was supported by the findings of Mathiyazhagan et al. (2013) , Mangla et al. (2014) , and Dubey et al. (2015) . The inclusion of accessibility of information in the list was supported by Faisal (2010) who suggested that information sharing supports the integration of sustainability in the supply chain. Finally, socially responsible business practices enhance SSCM as reported by Mudgal et al. (2010) , Grzybowska (2012) , and Hsu et al. (2013) . To summarise, results indicate that members of food manufacturing supply chain must have access to products, services, and information in order to develop and promote sustainable practices.
These findings can be explained as follows. When accessibility of pertinent information of products and services is promoted among members, collaboration, integration, and innovation performance will be likely enhanced as a consequence. This further implies that having this driver allows customers and/or consumers to access product and service information which would help them design and share best practices for sustainability initiatives. Furthermore, effective communication with suppliers becomes an important driver in promoting sustainability of food manufacturing supply chain. Negotiations in supply chain require valid and timely information. The pressure from suppliers allows companies to adopt sustainable practices with the goal of meeting target performance. With this goal, it is important to have objective fulfilment to determine what work requires to be done to satisfy the goals of the company. Lastly, it is necessary to adopt socially responsible business practices. The implementation of these business practices will help improve the welfare of employees and the society. Among the least important drivers are 'corporate tax revenue', and 'support for job opportunities'. This implies that the ability of the government to gain income from specific companies through taxation has no impact on the sustainability performance of food manufacturing supply chain. Given that members are required to report taxes for the government's budget, its motivation is quite low except in cases when governments provide tax incentives and holidays to firms that promote sustainability. Nowadays, it is usual for manufacturing firms to offer continued employment to people since people need and look for job opportunities. Thus, firms are not required to adopt specific practices to call the attention of the people.
Since SSCM drivers for each SSCM practice are identified in this work, policy-makers are able to effectively steer relevant infrastructures and modify support services through incentives while managers are able to establish objectives, guidelines and strategic shifts as responses. Should the members of the supply chain wish to implement a practice, the findings of this work provide the necessary information on what drivers (and stakeholders) are expected to take effect. In this manner, supply chain members would be able to craft coordination activities and specific action plans to address the drivers in the context of the SSCM practice under consideration. Additionally, policy-makers would be also able to establish appropriate policies in order to further strengthen the necessary drivers.
Conclusions
In order to promote SSCM, it is important to identify drivers which would compel firms to adopt SSCM practices. However, the approaches of current literature in identifying significant SSCM drivers fail to ground them on SSCM practices and thus, compromising operationalisation and tractability of drivers. This work combines SSCM drivers and practices identified in current literature in order to provide food manufacturing supply chain members guidelines on how to further promote sustainability. The goal of this study is to identify sustainability drivers for food manufacturing SCM within the context of targeting SSCM practices. In order to address the complexity of the causal relationships of drivers on practices, a modified fuzzy DEMATEL was adopted where SSCM drivers are set as the causal group while SSCM practices comprise the effect group.
The main departure of this work is the anchoring of drivers on improving target performance through the adoption of sustainable practices which is more appealing to managers as it directly identifies what particular set of drivers for each sustainable practice that would promote supply chain performance. Thus, with a set of sustainable practices in their portfolio, efforts of stakeholders are now directed to facilitate significant drivers and establish relevant policies. The main results suggest that the: 1 accessibility to products, services, and employment 2 objective fulfilment, accurate supplier negotiation, accessibility of information 3 socially responsible business practices are the significant drivers that promote sustainable food manufacturing supply chain performance.
The adoption of fuzzy DEMATEL in this work leads to results which are of great relevance in the context of food manufacturing supply chain decision-making as a whole. The modified fuzzy DEMATEL can be applied to domain applications and problems where causes and effects are known a priori. One example is the use of the proposed approach as an extension of the Ishikawa (cause-effect) diagram which can quantitatively identify the significant causes for each effect. This augments the limitation of the traditional root cause analysis by systematically identifying the causes for each apparent result in a rigorous mathematical framework. Another possible application is the use of the proposed approach in failure mode effect analysis (FMEA) where risk factors are known for each problem. Using the proposed approach, the significant risk factors can be identified from a systems perspective. Although this study is comprehensive enough, some limitations are identified which could provide opportunities for future research. For future studies, it is recommended to make use of the concepts and results to create a more detailed conceptualisation of SSCM practices and their impact on SSCM performance. Furthermore, future studies could perform the comparison on the outcomes of SSCM before and after the implementation of SSCM practices on a specific focal firm.
